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Abstract 
This paper presents some morphometrical and dynamical features of the South Dobrogea lakes based on the 
bathymetric data between 2010-2011. The analyze includes the lakes on the Black Sea shore (Siutghiol, Limanu and 
Tatlageac) and on the right side of the Danube River (Bugeac, Oltina, Mârleanu, Domneasca). The Siutghiol Lake is 
the deepest one with 7.82 m and has the highest volume (69.69 mil. m³). The Domneasca Lake has the lowest 
maximum depth (2 m) and the smallest area (0.49 km²).  
The wind is a main factor which causes the water dynamic, and determines the resuspension of the sediments by the 
wave action. In order to estimate the bottom dynamic conditions, the form factor (Vd), the erosion and transport areas 
(ET) of fine sediments and the fine sediments accumulation areas (A0) were determined based on the morphometrical 
features: lakes area (A, in km²), the mean depth (Dm, in m) and the maximum depth (Dmax, in m).  
The study shows that the areas of accumulation prevail in the Tatlageac, Siutghiol and Domneasca lakes (62.64-69.36 
%) and the erosion and transport areas prevail in the Bugeac, Oltina, Mârleanu and Lakes (76.67-99 %). The dynamic 
ratio (the ratio between the area's square root and the mean depth) ranges between 4.18 (Oltina Lake) and 0.40 
(Domneasca Lake). The relation between the lake form and the bottom dynamic conditions is highlighted by the form 
factor which ranges between 0.78 (Limanu Lake) and 1.83 (Domneasca Lake). Our estimation of the erosion, 
transport and accumulation areas of the fine sediments could be useful for improving the management of the lakes, 
especially for the lakes that are used for fish production, imposing some structural and nonstructural measures.  
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1. Introduction  
The lakes are open systems, whose physicochemical characteristics and dynamic are determined by the 
synergistic action of several factors, mainly: the morphometrical features (the depth, the area, the water 
volume), the slope and bottom morphology, the trophic state, the catchment's size, the groundwater 
interactions, the climatic conditions, the flow input. All these features also influence the nature and the 
rate of sedimentation into the lakes [1]. During the strong winds, waves with significant heights will form 
and they will break along the slope starting the erosion process. The intensity of the erosion depends on 
the depth of the water, on the slopes lithology, on the area of the wind action and on the waves height. So, 
the slopes are eroded and pieces of land are transported within the lake, facilitating the deposition and/or 
suspension in the water. Gravel, sand and clay are transported in this way [2]. The lake sediments reflect 
what is happening in the water and on the bottom of the lake [3]. The internal loading is important in 
large and shallow lakes, because the wind with low velocities can cause the resuspension of the sediments 
from the bottom of the lakes, and influence all the processes in the aquatic ecosystems [3]. In the shore 
region prevails the erosion processes and in the deeper regions prevail the accumulation processes [4, 5].  
On a worldwide scale, important contributions regarding the way how the size, form and depth of the 
lake can influence the lake's structure [6] can be found in some paperworks written by: Forel [7], Welch 
[8], Hutchinson [2], Håkanson [9], Wetzel [10, 11], Kalff [12]. Starting from the sediment composition 
and the lake's bottom morphometry [13], the erosion, transportation and accumulation areas can be 
determined. Håkanson [14, 15] estimated these areas based on their potential for resuspension and using 
the effective fetch in small glacial lakes [16, 17]. Blais and Klaff [16] used Pb (lead) as a geochemical 
tracer of sediment deposition and Rowan et al. [18] created a model for estimating the erosion area using 
exposure as a surrogate for wave energy and underwater slope [16]. At regional scale (Black Sea Basin), 
there are several lakes which faced some changes (shoreline configurations, volumes, hydrological 
regime, ecological status) because of the increasing of the human activities and their potential impacts (as 
urbanization, industrialization, pollution, habitat fragmentation, the building of the channels, dredging 
activities), like: the Varna-Beloslav Lake Complex (Bulgaria) [19], Durankulak and Shabla Lakes 
(Bulgaria) [20], Abant Lake (Turkey) [21]  (Turkey) [22],  Sünnet Lake (Turkey) [23]. 
In Romania, important contributions regarding the genesis of the South Dobrogea lakes, based on the 
 [24] [ 25], Banu [26]. The 
morphometrical and hydrological features of the lakes have been determined and  
[25, 27], Breier [28]  [29]. Some contributions regarding the ecological and 
hydrochemical features of the lakes have been brought by Romanescu [30, 31, 32], Galatchi et al. [33], 
Godeanu and Galatchi [34].  
This paper complements and updates the scientific information on the lakes in South Dobrogea region, 
published in previous work. Its core aims are: 1) to identify and analyze the morphometrical features of 
the South Dobrogea lakes: Bugeac, Oltina, Domneasca, Mârleanu, Siutghiol, Limanu and Tatlageac lakes; 
2) to analyze the lacustrine dynamic, by estimating the erosion, transport and accumulation areas of fine 
sediments in the studied lakes. The determined morphometrical features of the South Dobrogea lakes 
were used for computing the parameters of the waves generated by wind: the height, the length and the 
period. Based on these parameters, the erosion, transport and accumulation areas of fine sediments were 
then estimated. It is an approach based on applying methodologies from the specialized literature and on 
data obtained mostly by own measurements (bathymetric data). Finally we mentioned some 
considerations on the practical importance of knowledge of the lacustrine dynamics. If the information on 
morphometrical characteristics of the lakes are present also in previous studies [25, 27, 28, 29] (which we 
have used for comparisons), the approach and estimations on the dynamical features of these lakes are 
originals. 
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2. Study area 
The South Dobrogea is a structural plateau in the South-East of Romania (Fig. 1 A), with almost 
horizontal layers, overlapping in many sedimentary cycles, over the Eastern side of the Moesian Platform 
[35]. It is bounded in the West side by the Danube River, in the East by the Black Sea, in the North side 
by the Central Dobrogea and in the South by the Bulgarian border (Fig. 1 B). It is a platform unit, with 
plane or wavy interfluves and with altitude ranging between 200 m (in the West) and 100 m (in the East) 
[36]. From a lithological point of view, in this area 90% of the outcrop is loessoid deposits followed by 
limestone, marl-limestone (7% outcrop, 75% based on loessoid deposits), sandstones, conglomerates, 
sands, gravels and clays [37].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The South Dobrogea Region. A. The location in Romania. B. The hydrographical map 
revised) 
 
South Dobrogea's geographical location and the features of the meteorological parameters determine a 
relatively dry temperate climate with sea influences in the East [36]. The mean multiannual air 
temperature ranges between 10.8 °C/year (at Adamclisi weather station - WS) and 11.7 °C/year (at 
 mean multiannual amount of precipitation range between 412 mm/year (at Mangalia 
 WS) [38]. An important meteorological parameter in 
the water cycle is the evapotranspiration which recorded a mean of 725.6 mm/
station (it exceeded 120 mm/month in the interval June-August, between 1961-2000 [39]). Because of the 
climatic features of South Dobrogea and the sea influences, the snow layer is only present for a short 
while (in average 15 days in a year, 44 days maximum [39]) and it has a monthly mean thickness which 
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Because of the specific physiographic features of this area, the density of the drainage network is very 
weak (under 0.1 km/km²) and the rivers have an intermittent flow, sometimes even accidental, becoming 
active only after heavy rainfalls [38, 40]. 
The genesis of the studied lakes is connected to some valleys that got deeper, according to some 
researchers [25] in the Neoeuxinian regression or in the Dacian regression, according to others [26]. The 
mouths of the valleys were created by silt deposits and abrasion, getting the looks of a bay, in the 
Neolithic transgression [25] or Wallachian transgression [26]. So, in the case of the South-Eastern lakes 
(Tatlageac and Limanu) some rivers got deeper and their mouths were closed with sediments by the Black 
Sea. In the case of the Bugeac, Oltina, Mârleanu and Domneasca lakes other rivers got deeper and their 
mouths were closed with sediments by the Danube River. The Siutghiol Lake was a bay which got deeper 
and was closed with sediments deposed by the Black Sea. 
3. Methodology 
The analysis of the morphometrical features of South Dobrogea lakes is based on the processing of 
data obtained from our bathymetrical measurements between 2010-2011. These were accomplished with 
the sounder Garmin GPS 298 with the sensor (sensor accuracy < 0.1 m checked with a gauging staff at 
0.5 m, 1 m and 2 m depth) installed on a motorboat. The depths were recorded on cross and longitudinal 
sections with a boat speed of 6 km/h. The mean distance between the sections was established starting 
with the morphometrical features of the lakes, being some deviations due to the aquatic vegetation. The 
bathymetrical maps were accomplished by interpolating the bathymetrical data and the shorelines using 
 
The relative depth (Drel) was estimated using the equation (1) [3]: 
max
20rel
DD
A
        (1) 
Drel = the relative depth (%); Dmax = the maximum depth (m); A = the area of the lake (km²).  
 
The shore line development (DL) was estimated using the equation (2) [2, 41]: 
2L
LD
A
         (2) 
DL = the shore line development; A = the area of the lake (km²); L = the length of the lake (km). 
 
In the shallow lakes, the wind causes the waves which cause the bank/slope  erosion and influence the 
resuspension of the sediments within the lakes [3]. The waves' features were estimated using the 
equations (3)-(7). These features are: 
 
a. The effective fetch (the distance of the free water surface over which winds influence the waves) [3, 
42]: 
F A           (3) 
F = the effective fetch (km); A = the area of the lake (km²).      
 
b. The waves's height [43, 44, 45]: 
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Hs = the significant wave height (m); g = the acceleration due to gravity (m/s²); W
² = the wind speed 
(m/s); F = the effective fetch (m). 
 
c. The waves's period [43, 45]: 
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g
    (5) 
Ts = the significant wave period (seconds); g = the acceleration due to gravity (m/s²); W = the wind 
speed (m/s); F = the effective fetch (m). 
 
d. The waves's length [45, 46, 47]: 
21.56 sT          (6) 
 = the wavelength (m); T = the period (seconds). 
 
e. The waves's velocity [2]: 
wv gz          (7) 
vw = the wave velocity (m/s); g = the acceleration due to gravity (m/s²); z = the mean depth of the lake 
(m). 
 
The estimation of the fine sediments' erosion, transport and accumulation areas of the lake is achieved 
in two steps: 
a. Firstly, we computed the intermediate parameters necessary for the estimation of the erosion, 
transport and accumulation areas of the fine sediments using the equations (8) - (10): 
a.1. The form factor (Vd) [2, 3]: 
max
3
d
DV
D
           (8) 
Vd = the form factor or the volume development; D = the mean depth of the lake (m); Dmax = the 
maximum depth of the lake (m). 
       
a.2. The depth of the wave base (Dwb) [3]: 
45.7
21.4wb
AD
A
           (9) 
Dwb = the depth of the wave (m); A = the area of the lake (km²).  
  
a.3. The dynamic ratio (DR) [15]: 
ADR
D
                      (10) 
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DR = the dynamic ratio; A = the area of the lake (km²); D = the mean depth of the lake (m). 
 
b. Secondly, we estimated the weight of erosion, transport and accumulation areas of the fine 
sediments using the equations (11) - (13): 
b.1. The erosion and transport areas for the lakes with an area > 1 km² [3]: 
0.061
0.25 41 DRET DR        (11) 
ET = the areas of the erosion and transport; DR = the dynamic ratio. 
 
b.2. The erosion and transport areas for the lakes with an area < 1 km² [3]: 
0.5
1.5
max
3
max1
d
d
V
V
D WBA
D WB e
ET
A
        (12) 
ET = the areas of the erosion and transport; A = the area of the lake (km²); WB = the depth of the wave 
(m); Dmax = the maximum depth of the lake (m); Vd = the form factor. 
 
b.3. The areas of accumulation of fine sediments [3]: 
0 100%A ET          (13) 
A0 = the accumulation area; ET= the erosion and transport areas. 
4. Results and discussion 
4.1.  The mophometrical features of the lakes 
The morphometrical features of the lakes influence the dynamic conditions of the sediments (the 
sedimentation or the resuspension) which can influence the physicochemical parameters, the amount of 
the suspended sediments and also the primary production (with important role in the secondary 
production, for example of the zooplankton or on the fishes) [6]. Starting from bathymetrical 
measurements made between 2010-2011, the morphometrical features were estimated for the lakes: 
Bugeac, Oltina (Fig. 2), Mârleanu, Domneasca, Siutghiol, Limanu, and Tatlageac. The Oltina Lake has the 
largest area (27.46 km²) and the Siutghiol Lake is the deepest (7.82 m) and has the highest volume (69.69 mil. m³). 
The main morphometrical features of the lakes are summarized in the table 1. 
4.2. The waves' features 
The wind is the main factor which causes the resuspension of the sediments through the erosion 
processes favored 
with the highest frequency is the wind from the West with a mean speed between 3.4 and 4 m/s [48] (Fig. 
3 A, B, D
4.7 m/s [48] (Fig. 3C). The waves features were estimated using the wind with the highest average speed 
from each weather station [48]. Its values range from 3.8 
(table 2).  
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 Fig. 2. The bathymetrical maps of Oltina Lake (A) and  Bugeac Lake (B)  
Table 1.  Data on the morphometrical features of the lakes from  the South Dobrogea* 
Parameter Bugeac 
Lake 
(29.07.2010
30.07.2010) 
Oltina 
Lake 
(03.08.2010) 
Mârleanu 
Lake 
(04.08.2011) 
Domneasca 
Lake 
(05.08.2011) 
Siutghiol 
Lake 
(08.07.2011) 
Limanu 
Lake 
(18.07.2011) 
Tatlageac 
Lake 
(15.08.2011
) 
Volume (V, mil. m³) 24.17 34.45 5.01 0.60 69.69 0.41 1.87 
Area (A, km²) 19.34 27.46 5.86 0.49 17.34 0.58 1.76 
Lenght (L, km) 6.07 6.41 3.57 1.41 7.57 1.79 2.44 
Width (l, km) 2.88 4.27 2.23 0.49 4.12 0.16 0.61 
The mean depth 
 ( D , m) 
1.24 1.25 0.85 1.22 4.02 0.71 1.06 
Maximum depth 
(Dmax, m) 
2.5 2.5 2.76 2 7.82 2.7 3.18 
Perimeter  
(P, km) 
15.69 18.05 10.54 3.19 27.53 3.74 5.59 
Relative depth (Drel, 
%) 
0.97 1.16 0.59 0.12 2.89 0.18 0.37 
Shore line 
Development (DL) 
0.09 0.06 0.17 1.03 0.12 0.87 0.39 
 * based on the bathymetrical measurements achieved  between 2010-2011. 
4.3. The estimation of the erosion, transport and accumulation areas of fine sediments  
The results of the estimations on the fine sediments' erosion, transport and accumulation areas and on 
the factor form of the studied lakes are summarised in table 3. Its analyses show that the erosion and 
transport areas prevail in the Bugeac and Oltina lakes. This is due to the morphometrical features (large 
areas and small depths). The higher the percentage of the erosion area, the higher will be the 
resuspension, advection and turbidity processes [42]. The erosion and transport areas have values up to 
A 
B 
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90% because in the lakes there can be deep holes, some macrophytes or sheltered zone which have the 
role of sediments accumulation areas [6, 49]. 
Table 2.  Data of winds at the weather stations the closest to the study lakes and on the waves' features from South Dobrogea lakes  
Lake The 
weather 
station 
considered 
Period The wind 
direction 
with the 
highest 
average 
speed  
 The mean 
frequency 
of the wind 
(%) 
 
The 
mean 
speed of 
the wind 
(m/s)  
The 
Effective 
Fetch 
(EF, m) 
The 
significant 
wave 
height 
(Hs, m) 
The 
significant 
wave 
period 
(Ts, 
seconds) 
The wave
velocity 
(vw, m/s) 
 
 The 
wavelength 
 
 Bugeac   1961-2000 NE 16.6 3.8 4398.12 0.16 1.68 3.50 4.38 
 Oltina  1961-2000 NE 16.6 3.8 5240.45 0.18 1.76 3.51 4.83 
 Mârleanu  1961-2000 NE 16.6 3.8 2420.76 0.12 1.42 2.89 3.14 
Domneasca  1965-2000 N 23 4.7 701.154 0.09 1.10 3.46 1.89 
Limanu Mangalia 1965-2000 N 11.3 5.6 761.11 0.11 1.22 2.63 2.31 
 Siutghiol  1965-2000 N 13.3 6.5 4165.04 0.28 2.09 6.27 6.82 
 Tatlageac  1965-2000 N 13.3 6.5 1324.99 0.17 1.52 3.22 3.59 
Source data: data regarding the wind's direction, the mean frequency and the mean speed were taken from  [48]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   (1961  2000) (B); 
WS (C) (1965  2000) and Mangalia WS (1965  2000) (D)  
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Table 3. Data on the volume factor (Vd), dynamic ratio (DR), erosion and transport areas (ET), and accumulation areas (A0) of the 
South Dobrogea lakes (results obtained according to the methodology proposed by [3, 50]) 
 Lake              Vd 
Index           Form 
DR Dwb 
(m) 
ET 
(%) 
A0 (%) 
Bugeac 1.50 Concave 3.52 2.5 93.84 6.16 
Oltina 1.51 Concave 4.18 2.5 99 1.0 
Mârleanu 0.93 Slightly convex 2.83 2.76 76.67 23.33 
Domneasca 1.83 Concave 0.40 1.03 30.64 69.36 
Limanu 0.78 Slightly convex 1.08 1.57 83.24 16.76 
Tatlageac 1.00 Slightly convex 1.25 2.66 37.36 62.64 
Siutghiol 1.54 Concave 1.04 7.45 32.25 67.75 
 
The area of the lake above the wave base can be reflected by the form factor [51, 3]. This represents 
the ratio between the water volume and the volume of a cone having the base equal to the area of the 
lakes and the height equal with the maximum depth [2, 52]. The Limanu, Mârleanu and Tatlageac lakes 
have lower values of the form factor thus highlighting large areas above the wave base (table 3). Based on 
the values of the form factor, the basin shape can be estimated indirectly using the classes below (table 4): 
Table 4.  The classes of the form factor [50] 
ape The volume factor (Vd) 
Very convex 0.05-0.33 
Convex 0.33-0.67 
Slightly convex 0.67-1.00 
Linear 1.00-1.33 
Concave >1.33 
 
The form factor values of the studied lakes show that the majority are concave or slightly convex 
(table 3 and 4). The lowest values of the form factor highlight an intensive process of resuspension (if 
rate of sedimentation and the values of the form factor [53]. Also, the values of the form factor will 
increase once with the increasing of the lakes volumes (for example: the Siutghiol Lake). This confirms 
the increasing of the sedimentation rate once with the form factor because a greater volume of the lakes 
will increase the capacity of sedimentation (if the other processes from the lakes will have a constant 
evolution). The highest values of the form factor are specific to the lakes with the greatest depth (for 
example: the Siutghiol Lake) which can influence the resuspension of the sediments by bottom slope 
processes [53]. 
The resuspension of the sediments is, by definition, the redistribution in the water column of the 
sediments which have been previously deposited on the bottom of the lake [54]. It prevails in lakes with 
values of the dynamic ratio over 0.26. The turbidity currents, linked to the slope processes, prevail in 
lakes with dynamic ratio over 0.26 [3]. The dynamic ratio is a form parameter which describes the bottom 
dynamic conditions [50]. Based on the values of the dynamic ratio, the lakes can be separated in four 
classes with different features of the erosion, transport and accumulation areas (Table 5) [50]. According 
to this classification Bugeac, Mârleanu, Domneasca, Limanu, Tatlageac and Siutghiol lakes belong to the 
intermediate class and only the Oltina Lake belongs to the shallow class. 
The large and shallow aquatic units have high values of the dynamic ratio and large sedimentary areas 
exposed to the wind/waves action (for example: Bugeac and Oltina Lakes) [55]. The lakes with small 
depth and small values of the relative depth will have large areas affected by resuspension (for example: 
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Domneasca Lake). In the Bugeac, Oltina, Mârleanu and Domneasca lakes prevail the areas where the 
removal and periodical deposition of the fine sediments take place because of the advective processes 
(especially of the wind/waves action). These are composed of sand, gravel or consolidated clay [3, 56, 
57]. In Limanu, Tatlageac and Siutghiol lakes prevail the areas where the fine sediments are deposited 
continuously (soft bottom areas) [3, 56]. 
Table 5. The classes for the dynamic ratio (DR) [50] 
Class DR Description 
1 
Very deep 
<0.064 Areas dominated by slope processes and erosion and transport processes for fine particles 
2 
Deep 
0.064 - 0.25 Areas influenced by slope processes where erosion, transport and accumulations for fine 
particles occur 
3 
Intermediate 
0.25 - 4.1 Areas more influenced by wind and wave processes where erosion, transport and 
accumulations for fine particles occur 
4 
Shallow 
> 4.1 Areas dominated by wind and wave processes and erosion and transport processes for fine 
particles 
 
The hypsographic curve is the distribution curve of the relative area (the weight of the areas from the 
total area) in ratio with the relative depth (which is the weight of the depth from the total depth). It shows 
how the area of the lake changes with the depth of the lake [58]. The aspect of the hypsographic curve is 
given by the ratio between the accumulation areas of the sediments and the erosion areas of the lake [59]. 
The hypsographic curves of the studied lakes highlight that these lakes, generally, have large relative 
areas above the depth of the wave base (Dwb), so the resuspension of the sediments will be influenced by 
the advective processes (the wind/waves action) (Fig. 4).  
The shallower the lake, the more will the sediments be exposed and modeled by the waves. The 
resuspension of the sediments will grow with the reducing of the depth of wave base [6]. By definition, 
the wave base represents the limit between the erosion, transport and accumulation areas of fine 
sediments. It represents the depth on which the waves can resuspend the fine sediments [6]. This was 
estimated starting from the area of the lake and depends on the wind surface action, on the speed and 
period of the wind, and on the way the wind/waves action influence the bottom dynamic conditions [42]. 
5. Conclusions 
This paper highlights the morphometrical features (the area, the volume, the mean depth, the 
maximum depth) and the bottom dynamic conditions of 7 lakes in the South Dobrogea region: Bugeac, 
Oltina, Domneasca, Mârleanu, Siutghiol, Limanu and Tatlageac lakes. The analysis of the 
morphometrical features is based on the processing of data obtained from our own bathymetrical 
measurements. The Oltina Lake has the largest area (27.46 km²). The Siutghiol Lake has the highest 
volume (69.69 mil. m³) and the greatest depth (7.82 m). Based on the morphometrical parameters and 
using relations taken from the literature, we estimated indirectly the lacustrine dynamic, more precisely, 
the erosion, transport and accumulation areas of fine sediments. In addition to the morphometric features 
of lakes, we have been included in calculations data on wind speed, a major factor influencing the 
lacustrine dynamic. The erosion and transport areas prevail (over 90%) in Limanu, Bugeac and Oltina 
Lakes, due to their large areas and small depths. The accumulation area prevail (62.64-67.75%) in the 
Tatlageac, Domneasca and Siutghiol lakes, which generally has small areas and are deeper. The higher 
the percentage of the erosion area, the higher will be the resuspension, and turbidity processes. 
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Fig. 4. The area-depth relative hypsographic curve of the South Dobrogea lakes: A. Siutghiol Lake; B. Tatlageac Lake; C. Limanu 
Lake; D. Domneaasca Lake. Dwb= the depth of the wave (m)  indicated by the horizontal line; Dmax= the maximum depth (m); Vd = 
the form factor or the volume development; Area = the area of the lake (km²); V = the volume of the lake (mil. m³). 
 The estimation of the erosion, transport and accumulation areas of fine sediments could be useful for 
identifying some causes which determine changes of the lakes' morphometrical, morphological and 
physicochemical parameters, influencing the lake functionalities and uses. Knowing the particularities of 
lake dynamics could help for improving the lakes management (mainly for the lakes that are used for fish 
production). In this regard, adequate structural and nonstructural measures could be taken. As structural 
measures for mitigate the sediment input in lakes could be provided: actions for the prevention and the 
control of the slopes erosion, the construction of some dams, the rehabilitation of the existing dredges, the 
construction of channels to divert the rainwater. The nonstructural measures can include: a proper 
management for the fish production of the lakes, the periodical check of the different technical works 
around the lakes, the cleaning and the maintenance of the existing channels for diverting the rainwater. 
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